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(57) Abstract 

A fibre product manufactured of 
flax or a corresponding stem fibre plant 
constitutes a structural element contain- 
ing both actual fibres (I) of the stalk and 
wood splinters or shives (21 originadng 
from the same plant raw material and 
incorporated in the product by crushing 
the structure of the stalk to a sufficient 
degree. The product can be a pressed- 
to-shape structural element or a porous 
product, such as an insulating material or 
a cultivation substrate. The method com- 
prises the following steps: a) mechanical 
crushing of stalks, b) working-up of the 
crushed stalks between surfaces moving 
in relation to each other so that the fibres 
and wood splinters are separated and mixed, c) separating fine particles from the fibres and wood splinters, d) transferring the fibres and 
wood splinters with a medium to a forming platform. 
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Fibre product, method and apparatus for manufacturing a fibre product 

The invention relates to a fibre product presented in the introductory 
5 part of the appended Claim 1, as well as to a method presented in the 
introductory part of the appended Claim 6 and to an apparatus for 
manufacturing a fibre product presented in Claim 13. 

Flax, Linum usitatissimum , is a commonly cultivated plant in Europe, 
10 and the use of flax fibre has been known for a long time past, although 
its present share is relatively small of the total vegetable fibre produc- 
tion in the world. Flax is cultivated pnmarily in Russia, Poland, Lithu- 
ania, France, Belgium, the Netherlands, and also in Finland, even 
though the area presently under cultivation there is relatively small. Flax 
15 is a natural fibre plant belonging to the group of so-called s tem fibre 
plants. 



Flax fibres (linen ) have been so far used as raw materials for textile 
products, either alone or in combination with other fibres. Flax iiJ^res 
20 ha ve good strength , but poor elasticit y; for example, they arevstiroK 
than rnttnn fi|7rftf=^ Because of the fibre properties, they are primarily 
used in textiles for the household or for interior decoration, such as 
towels and table cloths, as well as curtains and other interior decoration 
fabrics. 

25 

When flax is used for textile manufacturing, the fibres are spun into a 
yarn which can be used for manufacturing woven textile products. The 
separation of textile fibres from harvested flax plant is a process of sev- 
eral steps, including retting, drying, breaking, scutching, and hackling. 

30 The result is a pure fibre, from which the other parts of the stalk have 
been separated. These steps were previously carried out manually but 
presently by machine. Examples of apparatuses for flax processing by 
machine are presented in Finnish patent No. 14276 and in European 
application publication No. 398 421. Furthermore, German application 

35 publication 3 815i 771 discloses an apparatus for separating fibres of fi- 
bre plants from woody fragments. 
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The purpose of the invention is to increase the possible uses of flax or 
j)ther stem fibre plants that are processed in a similar w ay anTalsoTb 
increase the area for cultivation of flax which is a plant very suitable for 
cultivation in northern regions. Another purpose is to present a method 
5 in which separate processing steps that are often conducted at different 
locations will be rendered unnecessary. For achieving this purpose, the 
product according to the invention is primarily characterized in what will 
be presented in the characterizing part of the appended Claim 1. 

10 -jThe product incorporates both the-actuaJ-flax-fibiss and the wooden |' 
4 splinters, "shives " which have a larger diameter and which have prevl-l 
(j ously been removed in connection with manufacturing the fibre. Both off 
Ji these components suit well together for products for different uses.l 
ji such as hard pressed-to-shape pieces resembling primarily chip board| 
15 fi or jnore flu ffy, mat-like prnHnrts which can be used as insulating mate| 
, rials or cultivation substrates. The stalk parts of flax will be better utilf 
ized, i.e. the crop of raw material per hectare of cultivated land will inf 
i; crease. If necessary, suitable bond fibres will be used for reinforcing 
the structure of the product. I 
20 . I 
Another purpose of the invention is to present a novel method and an 
apparatus for manufacturing a fibre product. For achieving this pur4? 
• pose, the invention is primarily characterized in what will be presented! 
in the characterizing parts of the appended Claims 6 and 13. Forf 
25 manufacturing the final product, it will be sufficient to crush and treat I 
. the stalks mechanically to the extent that the product is sufficiently ho- 'i 
mogeneous. The formation of the product or prefabricated product into | 
a structure in which the different components are approximately in their I 
final positions in relation to each other, is best conducladL ^h thedr y f 
30 method-processing the raw material from the stalks into a product in f. 
which the elements are mixed with each other in thei ralmost final posi-f 
tions is best conducted in the same continuous processing line, in/ 
which the material is carried by conveyors and a conveying medium 
from the point of feeding in the raw material up to product formation. 

35 - 

In the following, the invention will be described in more detail with ref- 
erence to the appended drawings, in which 
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Fig. 1 shows the stalk of flax plant used as the raw material In a 
cross section, 

Fig. 2 shows schematically the structure of the finished product, 

Fig. 3 is a general view of the raw material processing line. 

Fig. 4 is a side view of the apparatus of step 1 of the processing 
line. 

Fig. 5 is a side view of the apparatus of step 2 of the processing 
line. 

Fig. 6 is a side view of the apparatus of step 3 of the processing 
line, 

Fig. 7 is a side view of the apparatus of step 4 of the processing 
line, and 

Fig. 8 illustrates schematically the principle of product formation. 

Figure 1 shows the stalk of flax in a cross section. It comprises an out- 
ermost surface layer A, which contains jc hlorophyl l, and a soft cortex 
JayeLl which contains glue-like pectin and accommodates fibre bun- 
dles C extending parallel to the stalk7rom the root to the top. Inside is 
the woody part D of the stalk, and innermost is the hollow centre E. 

The fibre bundles of the stalk are composed of a large number of small 
basic fibres whi ch are ke pt together by pectin. The length of the basic 
fibre of flax is^mostcommo^^bout 40 — 65 mm, and its diameter is in 
the range of 8 — 30 fxm. 

Fig. 2 shows schematically the final product. The product incorporates 
both fibres 1 originating from fibre bundles C and sma ll wood splinte rs. 
"shiv es" 2 oricinating from the woody part D of the stalk . These com- 
ponents have been mixed into a three-dimensional structure. The refer- 
ence numeral 3 indicates synthetic bond fibres, such as thermoplastic 
fibres, which can be subjected to thermal treatment to form a three-di- 
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QiftnsinnRl network to which said vegetal components are fixed partly by 
thermal bonding and which, on the other hand, keeps the components 
mechanically in position by forming a kind of cage to surround them. 
The finer material which has been formed of the other parts of the stalk 
5 by becoming ground, is separated from the raw materials constituting 
the final product. 

Because flax fibres have poor elasticity, the products are suitable for 
uses in which no resiliency is required to their original form, i.e. for uses 

10 as "static" products. These products include pressed-to-shape hard 
products, such as hat racks of vehicles and ceiling materials. These 
usually have a density in the range from 600 to 650 kg/m'. On the other 
hand, the products are suitable for mat-like products with a low density, 
to be used as insulation materials or particularly as cultivation sub- 

15 strates. Such mat-like products can have a density as low as ' 
20 — 50 kg/m^. Instead of a mat-like product with an even thickness, it Is 
also possible to manufacture a harder plate having an even thickness 
(density 350 — 450 kg/m^*) which can be used as insulation or building 
material. Generally, the density of products can vary from 20 to 

20 650 kg/m^. 

Figure 3 shows schematically the beginning of the production line. The 
method for manufacturing of an at least semi-fabricated or intermediate 
product comprises the following steps: 

25 

a) mechanical crushing of stalks, 

b) working up of the crushed stalks between surfaces moving 
in relation to each other so that the fibres and wood splin- 
ters are separated and mixed, 

30 c) separating fine particles from the fibres and wood splinters, 

d) transferring the fibres and wood splinters with a medium to a 

forming platform to form at least a pre-fabricated or inter- 
mediate product incorporating fibres and wood splinters in 
the same structure. 



Figure 3 shows the beginning of the production line, i.e. the pre-treat- 
ment section before transferring the raw material of the product onto 
the forming platform. Step 1 (V1) comprises an opening apparatus and 
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a working apparatus, step 2 (V2) comprises a nnetering apparatus, 
step 3 (V3) comprises a mixing and separating apparatus, and step 4 
(V4) comprises a levelling apparatus. 

51 ^,ln the opening apparatus shown in Fig. 4, the raw materia^-ftax^rom | | 
1 ^which the seed-vessels have been removed, is supplied (nH ry ha|^ >tr f I 
I .large bundles . The opening apparatus comprises a S^^ ^:gelf 4 jj i 
running In an upwards slanted direction, above which there is^ a| 
H horizontal spiked belt 5 running in the opposite direction and preventing! 
10 VI the large stalk bundles from slipping from the gap between the con-l 
veyors. The upper end of the loop of the slanted belt 4 is followed by a| 
feeding roll 6 for dropping the sufficiently opened bundles onto a con-| 
J veyor 7. At the point between the belts 4 and 5, the stalks are already! 
^ crushed to some extent. The c mshed stalks ar^ rarripH hy t hgj^^'^-^^ 
15 .' veyor 7 to_jt!gJgg diDg-davica. 8 of the actual treatment and se parating^! 
n apjgarat usr T he feedmg de\7ice^onsists of successive pairs of r'ollers.fi 
i wherein the stalks are fed in through a gap between the spiked roller4i 
> that are situated on top of each other in the pairs of rollers forward to^, 
wards the surface of a large, fast rotating drum 9 whose peripheral; 
20 speed can exceed 1000 m/min. The drum is equipped with protrusions' * 
which take up crushed stalks. The periphery of the drum 9" carries' 
stalks through nar row gaps which are fnrmpH hPtwg>on t^Q i=iCjkprljroll-- 
ers 10, 11, 12 placed alon g th e periphery of the drum and the pe riph- 
eraf-&wfac e_of the dru m. I he spiked roller.*; rntatP all in thp> Qamo r|jro/-_ 
25 tion which is opposite to the rotation direction of the drum, wherein the ' 
direction of movement of opposite surfaces in the gaps is the same. 
The relative movement of the protrusions of the drum and the rollers is,^ 
caused by the smaller surface velocities of the rollers, in the order of 30 1 
to 100 m/min, wherein the movement of the protrusions of the rollers I 
30 and the drum in t he gaps brings about rubbing of the jtalks and se pa- | 
ration of the fibre bu ndles and the w oody part of j he stal k from each 
oth er, and breaking down of the woody parts in to small wood splinters 
pr shives . By effect of mechanical working caused by the fast moving J 
surfaces of the drum and rollers, the other parts of the stalk are ground 
35 into finer particles which can be removed later on. The gaps between 
the rollers and the drum are decreased in the running direction of the 
periphery of the drurn, and the distances between the tips of the pro- 
trusions in the gaps can be less than 2 mm. 
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After the material has passed along the periphery of the drum 9 through 1 
the successive gaps formed by the drum and the opposite rollers, the I 
material enters a point where it is caught up by an air flow led through a | 
5 ;• channel 13. This air flow will now contain the sep a rated fi bres and 1 
Q w ood splinters which are mixed relatively well with each othe?ris well | 
i. as the finer ground material among them. fi 

g Figure 5 sh9ws-a-met^ng apparatus. The fibres sucked in through thel 
10 i channel iCa^WownJ^ the upper part of a metering sHo. In the lowerf 
part of the sifo/fRifils a set of rollers iB^forTnet^i^the material to al 
.:j conveyor 16 running underneath them. This apparatus is also used fori 
^ m etering the other fib re material to the production line via a second| 
^ metering^siloJT^the fibre material^bein£jupp7ied tn its nppf^r parF^Tho| 
15 ^ othenfFbre material consists preferably of a 6oiT9~"flbm"Wliich is a syn-S 
thetic plastic material, particularly a heat-activated material. For exam-f 
g pie, thermoplastic fibre, such as polyethylene fibre, are feasible. TheU 
1; bond fibre can be supplied in e.g. about 2.5 to 7.5 wt-% on top of the |- 
basic material carried on the conveyor 16. The proportion of this blend V 
20 , fibre can be controlled by means of the rotation speed of the rollers in a I- 
set of rollers 18 in the lower part of the second metering silo 17. The ^ 
conveyor 16 carries the basic material and the blend fibres into an ap- : 
paratus whose structure and operation corresponds to the opening ap- ' 
paratus of Fig. 3 and which comprises a slanted spiked belt 19. This 
25 ^ apparatus is used for mixing the basic material and the blend fibres, 
. and simultaneously it opens larger clusters which cannot pass through 
the gap between the belts in the upper part of the slanted belt. 

V^Figur^ illustrates th e mixjn g and separating apparat us, in which the 
30 basic material (fibres an d wood'^piin ters)' are further mixed together ' 
an d with the blend fibres suB PliedJn the previous step, fheapparatus 
has a slanted frame 20 accommodaBng~"arrupwards slanted transfer 
line provided with successive pin rollers 21 rotating in the same di- 
rection at a high rotational speed (about 300 rpm). The,4jins_22_are_ar- 
35 ranged^bet we^n^ach other in the space between two successive roll- ■ 
-exs^JJnderneath the transfer line formed by the rollers, the frame is 
provided with a chamber 23 which is connected to suction. The charn- 
ber is separated from the pin rolle rs21 by curved screen Dlates24at 
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the rollers, the finer material being sucked tb mu9j:ujtbe screen 1 
plates j4. The mesh size of the screen plates 24 can be adjusted ac- 1 
cording to each application. The pin rollers 21 rotate in a direction that I 
next to the screen plates 24 their peripheries move in the direction of 
5 the upwards slanted transfer line and throw material against the screen 
plates by the effect of the centrifugal force. In the space between two i 
successive pin rollers 21, the material brought by the pins 22 of the first 
roller is transferred to be moved by the next roller by the effect of its 
pins 22 moving in the opposite direction. If the material is not suffi- 

10 ciently loose, it will be carried with the movement of the first roller 
against the transfer direction of the transfer line towards its beginning. 
In this separatinci apparatus, the finer m aterial, whose proportion is 
generally 50 %, will be finally separated Irom the raw material. As a re- 
sult, the proportion of the previously added blend fibres will be ap- 

15 proximately doubled, i.e. about 5 to 15 wt-% of the total mass of the ' 
product. The proportion of blend fibres can generally vary within the 
range from 3 to 50 weight percent. By changing the size of openings in 
the screen plate, it is possible to influence the size of fractions sepa- 
rated from the raw material. 

20 

At the end of the frame 20, the material is sucked into a channel 25, 
and it is blown by a blower along a channel 26 to the levelling appara- 
tus. 

25 Figure 7 shows a levelling apparatus intended for ultimately levelling 
out variations occurring in the material flow in the longitudinal direction. 
The material consisting of fibres and wood splinters is passed into a 
channel 26 extending in a s lanted pos iti on above shafts 27 of different 
heights. Material falls from the channel into the shafts 27, and it is fed 

30 by separate distributing devi ces, such as sets of rollers 28, placed at 
the bottom of each shaft 27 and having advantageously an adjustable 
fe eding rate, t o a cop.v.ey.or„29_r.unning-underQeathJthem. FromTthe end 
of the conveyor 29, the material is led through a channel 30 to product 
Jormation sho\AmJriFig^ The heavier fraction falls at the first stage to 

35 a first shaft (first shafts) 27a. In a corresponding manner, the lightest 
fraction, i.e. the fluffiest fraction, falls first to the later shafts or the last 
shaft 27b. In this way, the material flow, supplied through the chan- 
nel 26 and being non-homogeneous in relation to time, is divided into 
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shafts 27. from which a material flow which is homogeneous in relation 
to time and contains a desired distribution of fractions of different 
weights, can be taken onto the conveyor 29. The desired fraction group 
is led through a channel 30 to further processing. 

5 

Figures shows an apparatus for t^he product forrnatioiT_ste^. The air 
flow blown along the channel 30 and carTymg'the fibres, wood splinters 
and_blenid_fi!bres, is supplied by a feeding device ^1 Into a forming 
chamber 32 which is closed by a forming pl atform 33 moving in relation 

10 to the chamber and passing the air through. The air flow carrying 
material to the formation point on top of the platform is sucked into a 
chamber 34 on the other side of the platform. At this point, it is possible 
to manufacture a planar product having the final basis weight. The 
product can be compressed at a later stage according to the final 

15 density desired for the product. These mat-like or sheet-like products 
can vary from porous mat-like flexible products into stiff plates. Simul- 
taneously with compression, thermal binding is conducted, if the blend 
fibres are heat-activated fibres, such as thermoplastic fibres which are 
softened by the effect of heat into a gluing state and bind the structure 

20 when cooling down. 

The mat-like product formed on the forming platform can also be an in- 
termediate or semi-fabricated product, which is later subjected to 
pressing to shape, wherein it will receive a shape deviating from the 
25 planar surface, i.e. it will be manufactured into a shaped piece deviating 
from a planar product. Also in pressing to shape, the binding properties 
of blend fibres can be utilized by heating and cooling. 

Even if the product were not pressed or compressed, blend fibres can 
30 be utilized in the product so that they form a kind of network or "cage" 
surrounding the components of the vegetal raw material and holding 
the material (fibres and wood splinters) in place. 

: The invention is not limited solely to the use of a heat-activatable blend | 
35 fibre for binding the product, but the fibres and small wood splinters can | 
be bound together also by other binding agents. % 
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J The invention is suitable for tine use of all flax species and varieties I 
^containing basic fibre and woody material in their stalks, but it can alsof 
Mbe applied in the treatment of other stem fibre plants with a similar 4 
^Jstructure. The invention can also be applied directly to a flax which is t 
^stored after cutting into an intermediate depot, particularly in bales; in | 

t'other words, no complicated pre-treatment steps, such as retting, are m 
required. ^ 



wo 98/01611 



10 



PCT/FI97/0041S 



Claims : 

1 . Fibre product manufactured of flax or a corresponding stem fibre 
plant, characterized in that it constitutes a structural element contain- 

5 ing both actual fibres of the stalk and wood splinters or shives originat- 
ing from the same plant raw material and incorporated in the product by 
crushing the structure of the stalk to a sufficient degree. 

2. Product according to Claim 1, characterized in that it contains, 
10 besides components originating from the stalk, also blend fibres. 

3. Product according to Claim 1, characterized in that the blend fi- 
bres are synthetic bond fibres. 

15 4. Product according to Claim 3, characterized in that the content of 
synthetic bond fibres is 3 to 50 wt-%, advantageously 5 to 15 wt-%. 

5. Product according to any of the Claims 1 to 4, characterized in 
that it is a pressed-to-shape structural element. 

20 

6. Product according to any of the Claims 1 to 4, characterized in 
that it is a porous product, such as an insulating material or a cultivation 
substrate. 

25 7. Method for manufacturing a fibre product from flax or a correspond- 
ing stem fibre plant, characterized in that the stalks of the plant are 
crushed to an extent that its fibres and woody splinters or shives are at 
least partly separated, whereafter the same product is composed of 
both of the said components. 

30 

8. Method according to Claim 7, characterized in that it comprises 
the following steps: 

a) mechanical crushing of stalks, 

35 b) working up of the crushed stalks between surfaces moving 

in relation to each other so that the fibres and wood splin- 
ters are separated and mixed, 

c) separating fine particles from the fibres and wood splinters. 
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d) transferring the fibres and wood splinters with a medium to a 

forming platfom to form at least a pre-fabricate incorporating 
fibres and wood splinters in the same structure. 

5 9. Method according to Claim 8, characterized in that at a suitable 
stage before the forming platform, synthetic bond fibres are mixed with 
the fibres and wood splinters. 

10. Method according to any of the preceding Claims 7 to 9, charac- 
10 terized in that the product is formed onto a forming platform by a dry 

method using an air flow or the like. 

11. Method according to any of the preceding Claims 7 to 10, charac- 
terized in that the structure consisting of fibres and wood splinters is 

1 5 pressed to shape into a substantially stiff product. 

12. Method according to any of the preceding Claims 7 to 10, charac- 
terized in that the product formed on a forming platform is fabricated 
into a mat-like final product with a substantially even thickness. 

20 

13. Apparatus for manufacturing a fibre product, characterized in 
that the crushed fibre product is arranged to be led into a channel (26) 
or the like, whereby shafts (27, 27a, 27b) for receiving different frac- 
tions of the fibre product are positioned underneath the channel (26), 

25 and that each shaft (27, 27a, 27b) comprises a distributing device (28) 
for discharging the fraction group contained in each shaft (27, 27a, 27b) 
from the shaft. 

14. Apparatus according to Claim 13, characterized in that a con- 
30 veyor (29) or the like is arranged in connection with the shafts (27, 27a. 

27b) by which conveyor (29) or the like the fraction groups to be dis- 
charged from the shafts (27, 27a, 27b) are arranged to be transported 
to product formation. 
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